We present the black hole solutions and analyse their properties in the superstring effective field theory with the Gauss-Bonnet curvature correction terms. We find qualitative differences in our results from those obtained in the truncated model in the Einstein frame. The main difference in our model from the truncated one is that the existence of a turning point in the mass-area curve, the mass-entropy curve, and the mass-temperature curve in five and higher dimensions, where we expect a change of stability. We also find a mass gap in our model, where there is no black hole solution. In five dimensions, there exists a maximum black hole temperature and the temperature vanishes at the minimum mass, which is not found in the truncated model.
I. INTRODUCTION
A black hole always absorbs the ambient matter and the mass increases in time classically. However, if we take into account the quantum effect, a black hole will emit the Hawking radiation and evaporate away. It behaves as a thermal object. Of course, such a quantum effect can be ignored for astrophysical black holes. On the other hand, for microscopic black holes, the situation drastically changes. The black hole loses its mass by the radiation and may vanish. When the mass approaches the Planck mass, however, the semi-classical approach is no longer valid. To know what happens at the end of evaporation, i.e., to answer the questions such as "What is the final state of black hole?" or "Is a naked singularity appear?", we may need to study it by quantum gravity.
One of the most promising candidates for quantum theory of gravity is the string theory, which may also provide us a unified theory of fundamental interactions (the so-called "theory of everything") [1] . String theory is, however, still in a developing stage and may not yet be able to treat strong gravitational phenomena such as a black hole directly. Hence we shall study black holes in the effective field theory including string quantum correction terms. The field theory limit of the string theories leads to a ten-dimensional supergravity theory at the lowest derivative level. In addition, it is known that quantum effect gives higher curvature correction terms. There are five string theories in ten dimensions, which are related with each other via dualities. The curvature correction terms depend on the type of string theory. In the heterotic string theory, the lowest corrections are described by the second-order curvature term, i.e., the so-called Gauss-Bonnet term [2] . On the other hand, in the type II string theory, the fourth-order curvature terms appear as the lowest [3] .
The Gauss-Bonnet term is known as the second-order Lovelock gravity. The Lovelock theory is a higher curvature generalization of Einstein gravity. Its field equations contain terms up to the second-order derivatives of the metric functions and the second-order derivative terms are linear [4, 5] . The n-th order of Lovelock gravity is constructed by the Euler density in the 2n dimensional spacetime. Hence n-th terms with n ≤ [(D − 1)/2] contribute to the field equations. The black hole solution in the theory with the Gauss-Bonnet term or with the Lovelock action has been analysed in the models in many works [6, 7] .
A dilaton field also plays an important role in the string theory as a dynamical field. Hence dilatonic models have been studied intensively in the context of string theory. The black hole solution in such a dilatonic theory was studied in [8] and [9] . The black hole solution with the Riemann curvature squared correction term coupled to dilaton was first studied by the linear perturbation approach [10] . When the GaussBonnet term couples to a dilaton, it contributes to the dynamical equations even in four dimensions. Full study of this case requires numerical evaluation, and has been made in [11] [12] [13] [14] [15] [16] .
In the string frame, the Einstein-Hilbert curvature term is also coupled to the dilaton field. So usually we perform a conformal transformation to find the Einstein frame, in which the Einstein-Hilbert curvature term does not couple to the dilaton field. When we study a black hole in the Einstein frame, only the Gauss-Bonnet term is taken into account as the quantum correction, but some additional terms appear through a conformal transformation compared with the string frame. It is not so obvious which frame is to be used in investigating solutions where strong gravitational effects become strong such as black holes. It is certainly natural to take the action in the string frame in string theory, and then it is important to check if the above additional terms make any difference in the results. In this paper, we analyse black hole solutions in the effective action in the Einstein frame equivalent to that in the string frame, and compare the results with those in the truncated effective action, i.e., the model only with the GaussBonnet term as the correction. Black hole solutions in the 4D string frame are examined in the context of black hole -string transition in [17] . This paper is organized as follows. In Sec. II, we present the effective action which we discuss in this paper, and perform a conformal transformation to obtain the description in the Einstein frame. We also define our truncated model. In Sec. III, we write down the basic equations for a spherically symmetric and static spacetime in the dilatonic Einstein-Gauss-Bonnet theory, and give the boundary condition for the regular black hole horizon. We transform the variables in the string frame to those in the Einstein frame in Sec. IV. In Sec. V, we introduce the thermodynamical variables. We then show our numerical results in Sec. VI. In Sec. VII, we briefly summarize the truncated dilatonic Einstein-Gauss-Bonnet model. We present the basic equations and the boundary conditions on the black hole horizon. We compare our results in the dilatonic Einstein-Gauss-Bonnet theory with those in the truncated one in Sec. VIII. The concluding remarks are made in Sec. IX.
II. EFFECTIVE ACTION AND ITS TRUNCATION IN THE EINSTEIN FRAME
In this paper, we focus on the Einstein-Gauss-Bonnet gravity coupled to a dilaton field. The effective action of the heterotic string theory in the string frame is given by
is the Gauss-Bonnet curvature term, and α 2 = α ′ /8 is its coupling constant.
In the string frame, the dilaton field couples to the Ricci scalar curvature nonminimally. Hence we perform a conformal transformation
where γ 2 = 2 D−2 , in order to find the Einstein-Hilbert action. The action in the Einstein frame is given by
where we have introduced φ = 2γφ [18] . R and R
2
GB are the Ricci scalar curvature and the Gauss-Bonnet curvature term with respect to the Einstein-frame metric g µν , respectively. Because we have the Gauss-Bonnet term, if we start from the effective action in the string frame, there appears the additional complicated term F in the Einstein frame, which is given by
where G µν is the Einstein tensor. Here we have used a concise notation
with m and n being some integers (n > m). This term F has not been sometimes considered in many literatures when cosmology or black hole solutions are studied in the Einstein frame [11] [12] [13] [14] [15] [16] . However, if we start with the effective action in the string frame (2.1), there exists the complicated term (2.5) because the action with F in the Einstein frame (2.4) is classically equivalent to the original one. We note that this does not mean that the theory in the Einstein frame without F is not correct, but there is an intrinsic ambiguity in the theory. So it is interesting and important to study if this makes any difference in the obtained results.
In order to see the effects of this extra term F , we study a black hole solution in this paper. For this purpose, we solve two sets of equations; one is a set of equations including the F term, and the other is that without the F term. We shall call the former and the latter the dilatonic Einstein Gauss Bonnet (DEGB) theory and the truncated one (TDEGB), respectively.
The action for TDEGB theory is given by
Although one can solve the basic equations of the DEGB theory in the Einstein frame (2.4), it is easier to solve them in the string frame (2.1) and to transform the solutions in the string frame into those in the Einstein frame by the conformal transformation (2.3) . This is the strategy we take here.
III. DILATONIC EINSTEIN GAUSS-BONNET MODEL IN THE STRING FRAME
A. Basic equations in the string frame
First we present the basic equations in the string frame. To find a black hole solution, we assume a spherically symmetric and static spacetime, whose metric form is given by
whereν,λ andμ are functions of the radial coordinater. dΩ 2 D−2 is the metric of (D − 2)-dimensional unit sphere. We derive the explicit form of the action with this ansatz as
where we have introduced three variablesŶ ,Â, andŴ bŷ 
Here we have fixed one metric component as e 2μ =r 2 by using the gauge freedom. Using the new variables and defining the following variables bŷ
the basic equations are written aŝ
Because of the Bianchi identity, there is one relation between the above four functionals; F S(φ) , F S(ν) , F S(λ) and F S(μ) , i.e.,
That is, the above four equations (3.7) ∼ (3.10) are not independent. Hence if we solve three of them, the remaining one equation is automatically satisfied.
B. Boundary conditions
In order to find a black hole solution, we need the boundary conditions both at the event horizon and at the infinity. Since we are interested in an asymptotically "flat" spacetime, we assumef
asr → ∞, where
is the area of N -dimensional unit sphere, andM is a gravitational mass in the string frame.
At the event horizon (r H ), the metric functionf vanishes, i.e.,f (r H ) = 0. The variables and their derivatives must be finite atr H . Taking the limit ofr →r H , we have three independent constraints from the basic equations:
where we have denoted the variables at the horizon with the subscript H, i.e.,φ H ,φ
H and so on, and introduced the dimensionless variables aŝ
Eliminatingξ H andζ H in Eqs. (3.14) ∼ (3.16) (we assume thatξ H = 0 andζ H = 0), we find the quadratic equation forη H :
The discriminant of the quadratic equation (3.18) depends on D andρ H . If the discriminant is negative (D D :=b 2 − 4âĉ < 0), there is no real value of φ ′ H , which means that no regular horizon exists. The condition for the discriminant to be non-negative gives some constraint onρ 2 H for given D. Sinceα 2 is a fundamental coupling constant, it gives some condition on the horizon radiusr H .
For D = 4 ∼ 10, assumingα 2 > 0, we find allowed values for the regular event horizon, which are summarized in Table  I . There is a minimum horizon radiusr H = 2.95712α 1/2 2 in 4D spacetime, while in 5D and 6D spacetimes, there is a small gap in the parameter space of horizon radius (1.03572α
for 5D, and 1.46781α
for 6D) where there is no regular horizon. For spacetime of dimensions higher than six, there is a regular horizon for any horizon radius.
IV. TRANSFORMATION TO THE EINSTEIN FRAME
Here we give the relation between the variables in the string frame and those in the Einstein frame. The metrics in both frames are given by Eq. (3.4) and
respectively. The conformal transformation (2.3) or
2) gives the relation between the metric components as follows:
3) 5) or inversely,
Since the radial coordinates r andr are related by Eq. (4.3) or Eq. (4.6), the horizon radii must be rescaled:
The gravitational masses and the scalar charges are also rescaled as 11) where the scalar chargesQ φ in the string frame and Q φ in the Einstein frame are defined by the asymptotic behaviourŝ
asr → ∞ (r → ∞), respectively.
The lapse function δ in the Einstein frame must drop as 1/r 2(D−3) . As a result, we find
near infinity.
V. THERMODYNAMIC VARIABLES
Before showing our numerical result, let us introduce thermodynamical variables of a black hole.
The Hawking temperature is given from the periodicity of the Euclidean time on the horizon aŝ
Although we can define the Hawking temperature both in the string frame and in the Einstein frame, we find that both temperatures are the same by using the relation
As for a black hole entropy, it does not obey the BekensteinHawking formula, i.e. a quarter of the area of event horizon, because we have the Gauss-Bonnet terms. According to the Wald's formula for a black hole entropy, which is defined by use of the Noether charge associated with the diffeomorphism invariance of the system [19] , we find
where Σ is (D − 2)-dimensional surface of the event horizon, L is the Lagrangian density, ǫ µν denotes the volume element binormal to Σ. For the effective action in the string frame (2.1), it gives
whereÂ H is the area of the event horizon. Using the variables in the Einstein frame, this entropy is rewritten as [16] 
We may look at the corrections to the Bekenstein-Hawking entropy (S BH := A H /4) which is
S S is always larger than S BH .
VI. BLACK HOLES IN DEGB THEORY
Now we present our numerical results. Giving a horizon radius r H , we solve the basic equations. To solve the equations numerically, we first set δ H = 0, φ H = 0, and find the asymptotically flat spacetime. We then rescale the lapse function and the dilaton field asδ(r) = δ(r) − δ(∞) andφ(r) = φ(r) − φ(∞). This is always possible because δ and φ appear only in the forms of their derivatives such as δ ′ and φ ′ . As a result, we can setδ(r),φ(r) → 0 for r → ∞. Then in our actual solutions, δ H and φ H do not vanish. In what follows, for brevity, we omit the tilde of the variables.
Depending on the dimension, we classify our solutions into three types: (a) four dimensions (D = 4), (b) five dimensions (D = 5), and (c) six or higher dimensions (D = 6 ∼ 10).
Mass-area relation
First we show the relation between the black hole mass M and the horizon area A H in Fig. 1 
when we change the coupling constant α 2 . In the unit of κ D = 1, both masses are equivalent. Hence, in what follows, for simplicity, we do not distinguish two masses and use M for both masses.
In the 4D case, as shown in Fig.1 (a) , there is the minimum radius below which there is no black hole (r H(min) = 2.95712α
2 ). The ranges of the horizon radius where the black holes exist are shown in Table II and are narrower than those from the regularity condition in Table I in general, though the minimum radius in the string frame coincides with the value in Table I for 4D. The minimum mass of the black hole shown in Fig.1(a) 
2 ). We suspect that the larger black hole is stable, while the smaller one is unstable (see the later discussion about the entropy). 2 ) and in the Einstein frame (ρH := rH/α 1/2 2 ). They are related by the conformal factor. There is a minimum radius in 4D. For dimensions higher than 4D, there is a gap, in which there is no regular black hole solution. The ranges of the horizon radius in the string frame should be compared with those in In the 5D case, there appears new type of solutions near zero mass region as shown in Fig. 1(b) . We find two mass ranges: one has the smaller masses (S-branch ), and the other has the larger masses (L-branch). There is a mass gap between these two branches. It has been expected from the results which we found from the regularity condition for the hori-zon (see Table I ). The L-branch is similar to the solutions in the 4D case. There exists the lower mass bound. Near the minimum mass (M (L) min = 395.862α 2 ), we find two black hole solutions in the range of M (L) min < M < 395.880α 2 (see the enlarged figure in Fig. 1(b) ). The minimum radius in this branch is found by the existence condition of the regular horizon, i.e.r H(min) = 2.55757α Tables I and II) just as in the 4D case. In the S-branch, we find the maximum mass (M (S) max = 19.7733α 2 ). There is no turn-around behaviour near the maximum mass in the S-branch. As the horizon radius approaches zero, the gravitational mass vanishes. We find M ≈ 0.100295α In dimensions higher than five, we find the similar structures; i.e., there are two branches (the S-and L-branches). However, in the L-branch, the minimum radius is not given by the regularity condition (see Tables I and II) . In fact, for D ≥ 7, we find a gap in the range of black hole radii in numerical solutions, but the regular horizon condition is always satisfied for any horizon radii. In this gap, we cannot find any asymptotically flat black hole solution, although the horizon can be regular. The L-branch shows the similar properties to those in the 4D or 5D case. In the S-branch in 10D, we find M We cannot make definite statement about what happens in the region of a mass gap. Since there is no static black hole, the spacetime may be always dynamical losing the mass energy and eventually reaching the S-branch, or it may evolve into a naked singularity.
Thermodynamics
Next we present the thermodynamical variables. First we give the entropy in terms of the gravitational mass M in Fig.2 .
The entropy behaves very similar to the area of the horizon, although there is a correction to the Bekenstein-Hawking entropy, which is also shown by the (blue) dotted line as a reference in the figure. In particular, we find turn-around behaviours near the minimum masses in 4D and in the Lbranches of 5D and 10D. Near the minimum points, we have two black holes for a given mass. The larger black hole has the larger entropy, and then we expect that it is dynamically stable. On the other hand, the smaller black hole has the smaller entropy, and then we expect that it is dynamically unstable.
We also show the temperatures of the black holes in Fig. 3 . The temperature in 4D is always finite and shows the turnaround behaviour near the minimum mass. At this turning point, we expect a change of stability (see the discussion in [20] ). When the black hole evaporates via the Hawking radiation, the mass decreases. Although the temperature is finite, it does not vanish at the minimum mass, and the evaporation never stops at the minimum mass. We may find a naked singularity.
In 5D and higher dimensions, we find the same behaviour as for the L-branch. In the S-branch, however, the temperature in 5D is always finite and vanishes at the zero-mass limit. Then the black hole may disappear via the Hawking radiation.
On the other hand, the behaviour is very different in dimensions higher than five. The temperature in 10D diverges as M → 0. We find the same behaviour for the case of D = 6 ∼ 9. The evaporation never stops even near the zero-mass limit. Rather the black hole may explode via the Hawking radiation.
As the result, we can classify our solutions into three types: (a) D = 4, (b) D = 5, and (c) D = 6 ∼ 10.
The reason why we have three types may be understood as follows: The Gauss-Bonnet curvature in 4D becomes a total divergence if there is no dilaton field, and then it does not give any contribution in the basic equations. Even if we include a dilaton field, we expect the dynamical properties of the GaussBonnet term in 4D is very much different from those in the case of D ≥ 5, in which the Gauss-Bonnet term gives a significant change in the basic equations without a dilaton field. 5D and 6D are also different from other higher dimensions, because the Gauss-Bonnet term is the highest Lovelock term in 5D and 6D, while in higher dimensions (D = 7 ∼ 10), there exist higher Lovelock terms. There may also be a big difference between odd and even dimensions. Hence, we expect four types: 4D, 5D, 6D, and higher dimensions (D = 7 ∼ 10). However, it turns out that the solutions in 6D and higher dimensions look similar. As a result, we find three types. 
Configuration of the metric and dilaton field
Here we show the behaviour of mass function defined by m(r) = r D−3 (1 − f (r))/2 , which approaches the ADM mass at infinity, the lapse function δ(r) and the dilaton field φ(r), for several values of the horizon radii. In 4D, we find that the mass function, lapse function and dilaton field behave monotonously smooth. For the solution with minimum horizon radius, however, the second derivative of the dilaton field diverges. We show the Kretschmann curvature invariant defined by K := R µνρσ R µνρσ for several radii in Fig. 5 (a) . We can see the curvature at the horizon increases rapidly near the minimum radius. We find the curvature singularity on the horizon in the limit of M → M min . (dot-dashed). In 4D and the L-branch of 5D, the curvature invariant increases rapidly near the horizon, and below the minimum radius, we will find a curvature singularity. On the other hand, in the S-branch of 5D, we find a strange behaviour of the curvature invariant near r ≈ 2.18rH , but it does not diverge near the horizon.
For the L-branch of the 5D black holes, we find very similar behaviours to the case of 4D. For the solution with minimum horizon radius, the second derivative of the dilaton field diverges. The Kretschmann curvature invariant also diverges at the horizon in the limit of M → M (L) min , as shown in Fig. 5 (b) . In the S-branch, however, we find somewhat different result. As we see in Fig. 6 , we find some irregular behaviour just outside of the horizon (r ∼ 2r H ) for the black holes with r H = 0.636670α 7733α 2 ) in the S-branch. We show the Kretschmann curvature invariant for several radii in Fig. 5 (c) . Although we find a strange behaviour of the curvature invariant around r ≈ 2.18r H , the curvature does not seem to diverge on the horizon. We suspect that the point (dot-dashed). Near the maximum mass of the S-branch, we find some irregular behaviour just outside of the horizon.
with the irregular behaviour outside the horizon will become a singularity in the limit of M → M (dashed) and 0.03157994α
Next we depict the mass function, lapse function and dilaton field in 10D in Figs. 7 and 8 . We find the very different behaviour in the L-branch from the 4D case or from the L-branch in 5D. In the L-branch, the lapse function and the dilaton field does not diverge near the horizon in the limit of r H → r (L) min . We show the Kretschmann curvature invariant in Fig. 9 (a) . There appears a discontinuity in the curvature invariant around r ≈ 1.09r H for r H = 2.25818α 1/2 . This point does not evolve into the divergence of the curvature even in the limit of r H → r (L) min . We may regard it as a "gravitational shock wave", where we have a curvature discontinuity. It is a new type of singularity. The reason why we find the minimum radius in the L-branch is different from the minimum radius found by the regular horizon condition is that the "gravitational shock wave" appears first outside of the horizon before the singularity appears on the horizon when we take the limit of r H → r (L) min . In the S-branch, we also find the similar behaviour to the Sbranch in 5D. Some irregular behaviour appears around r ≈ 1.46r H outside of the horizon near the maximum mass M Now we can summarize our results as follows: For the four dimensions and the L-branch in 5D, there is a minimum radius, below which the curvature diverges on the horizon. When D ≥ 6, the singularity of the gravitational shock wave appears in the L-branch below the minimum radius. On the other hand, for the S-branch of five and higher dimensions, there exists a maximum mass, beyond which a black hole does not exist, and a singularity may appear outside the horizon. (dot-dashed). Near the minimum radius in the L-branch, the invariant does not diverge, but evolves into a "gravitational shock wave" at r ≈ 1.09rH in the limit of minimum radius. In the S-branch, a strange behaviour appears near r ≈ 1.46rH outside the horizon. It may evolve into a singularity in the limit of M → M (S) max .
VII. TRUNCATED DILATONIC EINSTEIN GAUSS-BONNET MODEL
In this section, we discuss the truncated Einstein GaussBonnet model, whose action is given by Eq. (2.7). The properties of BH solutions in the TDEGB model with γ = 1 2 are studied in [16] . This value of the coupling constant is obtained in 10 dimensions. If we start from the effective action in the string frame in D dimensions, we have the different value, which is γ = 2/(D − 2), in the Einstein frame. Here we choose this value of the coupling constant for the TDEGB model. The difference of two models originates from the compactification. We find some qualitative differences in thermodynamical properties in the TDEGB models with these two coupling constants (see the discussion in Sec. IX). In what follows in the text, we show the black hole solutions and their properties in the TDEGB model with γ = 2/(D − 2).
A. Basic equations
The field equations are given by
where
The Bianchi identity gives one relation between these four functionals:
Hence if one solve three of them, the remaining one equation is automatically satisfied.
B. Boundary conditions
For D = 4 ∼ 10, assumingα 2 > 0 and imposing the discriminant is non-negative (D D := b 2 − 4ac ≥ 0), we find the allowed values for the regular event horizon, which are summarized in Table III . There is a minimum horizon radius r H = 1.86121α 1/2 2 e −γφH /2 in 4D spacetime, while in 5D spacetime, there are small gap in the parameter space of horizon radius (0.962882α
2 e −γφH /2 ) where there is no regular horizon. For higher dimensional spacetime than 5D, there is a regular horizon for any horizon radius.
VIII. COMPARISON WITH TDEGB AND EGB
Now we compare the properties of the black hole solutions in the DEGB and TDEGB models. We also show the results in the EGB model as a reference.
A. Mass-area relation
First we show the mass-area relations of black holes in Fig. 10 . The solid (red) line, dashed (green) line, and dotdashed (black) line correspond to the DEGB, TDEGB, and EGB models, respectively.
In 4D, there exists the minimum finite radius, r H(min) = 3.65726α for TDEGB). In the EGB model, it is just a Schwarzschild black hole because the Gauss-Bonnet term is a total divergence. It is completely different from the other two.
In 5D, the result changes drastically (see Fig. 10(b) ). For the EGB model, the mass-area relation is very simple (the dotted-dash line). The area increases monotonically with respect to the mass, and there exists a minimum finite mass (M In 10D, the mass-area relations are almost the same for the DEGB, TDEGB, and EGB models. However there is a qualitative difference between the DEGB model and the TDEGB (or EGB) model. In the TDEGB (or EGB) model, the area increases monotonically with respect to the mass from zero to infinity. The mass vanishes at zero area. However, in the DEGB model, there exists a gap in the range of mass (M 2 ). The behaviour is the same as that in 5D.
We also find the same behaviours in six to nine dimensions. 
B. Thermodynamics
For the TDEGB model (2.7), the entropy is given by
The corrections from the Bekenstein-Hawking entropy is
This means that the entropy is always larger than the Bekenstein-Hawking's one in the TDEGB model as well. The difference between (5.6) and (8.2) comes from the truncated term F (note that the values of φ H in the DEGB theory and the truncated one are different).
Here we show the black hole entropy and temperature in Figs. 11 and 12 , respectively. In these figures, the solid (red) line, dashed (green) line, and dotted-dash (black) line describe the results for the DEGB, TDEGB, and EGB models, respectively.
The entropy behaves quite similar to the area for all models, although the values are slightly different as shown in Fig.2 in the DEGB model. There is no qualitative difference between A H and S, except for D = 4 in the TDEGB model for which we find a cusp near M ≈ M (TDEGB) min instead of a turn-around smooth curve [21] . The cusp is related to a stability change understood by a catastrophe theory [22] .
As for the temperature, the behaviours are quite different in each model depending on the dimensions. In 4D, just as the area or the entropy, there appears a turning point, at which stability changes as we expected [20] . The same behaviour is found in the TDEGB model. In the EGB model, it is just a Schwarzschild black hole, i.e. T H ∝ 1/M .
In 5D, however, there is a maximum temperature T max = 0.251938α In 10D, the temperature decreases monotonically with respect to the mass except near the turning point in the L-branch. There is no maximum temperature just as in the TDEGB and EGB models. In the L-branch of the DEGB model, however, we always find a turning point, ¿From this observation, we may conclude as follows: In 4D, both the DEGB and TDEGB models predict almost the same. When the black hole mass approaches the minimum value, the temperature is still finite. So the evaporation may not stop there. We suspect that either it evolves into a naked singularity, or it becomes time-dependent.
In 5D, however, two models give quite different predictions. In the DEGB model, in the zero-mass limit, we find that the temperature also vanishes. Then we expect that the black hole evaporate quietly. On the other hand, in the TDEGB model, no black hole exists below the minimum mass M (S) min and beyond the maximum temperature T max . When a back hole goes beyond this point via Hawking evaporation, we will find a naked singularity or a time-dependent black hole spacetime.
If the spacetime dimension is higher than five, two models will give the similar fate, i.e., a black hole evaporates violently because the temperature diverges in the mass-zero limit.
IX. CONCLUDING REMARKS
We summarize our results in Table IV . The main difference in the DEGB model from the TDEGB model is that the existence of a turning point in five and higher dimensions and a zero-mass black hole in five dimensions. The Hawking temperature in the 5D DEGB model vanishes at the zero-mass limit, but that in the TDEGB model is finite. The DEGB model also gives a maximum temperature in 5D. It may suggest that the DEGB model is better than the truncated one. In fact, the maximum temperature is given by T max ≈ 0.251938α We also include the result in the case of γ = 1/2 [16] . The result in that model is almost qualitatively similar to our TDEGB model except for the five dimensions. In 5D, the result is the same as the Schwarzschild black hole rather than that in our TDEGB or in the EGB model, although we do not know the reason.
In this paper we consider only the asymptotically flat spacetime. The asymptotically non-flat spacetimes, however, are also important. The asymptotically AdS spacetime is especially interesting in the context of AdS/CFT correspondence. AdS/CFT correspondence is a widely-believed con-
